Oxygen isotope fractionation is studied during the synthesis of kaolinite under controlled conditions of temperature and time. Equilibrium conditions have been established and its relationship with temperature has been studied. Kaolinite was hydrothermally precipitated starting from non-crystalline aluminosilicate gels. The amount of kaolinite obtained increases up to a limited constant value and in all cases coexists with the amorphous starting gels. It can be seen that the data obtained at 48 hours of synthesis can be considered as quasi-equilibrium, since the total isotopic equilibrium has not been reached, only the sample obtained at 24 hours should be discarded for studies in equilibrium. This would allow us, with the samples obtained at 720 hours, to try to establish a relationship between isotopic fractionation and temperature, provided that we know the water in equilibrium with the synthesized kaolinite. Two equations have been obtained that show correlation coefficients with a high statistical significance.
Introduction
Isotopic composition measurements on natural or synthetic systems can be used to stablish quantitative relationships between isotopic composition and temperature of the system [1] [2] [3] [4] . Isotopic composition of clay minerals is thus a function of the temperature of formation and of the 18 O/ 16 O ratio of the ambient water. As long as the oxygen isotopic composition acquired by a clay mineral at the time of its formation remains unaltered, it can provide information con-cerning the nature of the environment in which the mineral formed. Equilibrium hydrogen and oxygen isotopic fractionations between clay minerals and water have been reviewed by [4] [5] and [6] , among others.
The fractionations between clay minerals and water are commonly estimated using several approaches: 1) laboratory equilibrium experiments [7] ; 2) naturally occurring samples; 3) statistical mechanical calculations [8] [9] [10] [11] [12]; 4) empirical calculations [13] . Each approach has its advantages and disadvantages.
Laboratory equilibration techniques have been summarized by [14] . When it is possible to demonstrate that isotopic equilibrium has been reached between the mineral and water, laboratory equilibrium studies provide the most accurate estimates of isotopic fractionation factors. However, slow rates of isotopic exchange generally preclude the attainment of sufficiently large amounts of oxygen isotopic exchange between clay minerals and water below 200˚C and hydrogen isotope exchange below 100˚C. Thus, this approach is not suitable for the estimation of equilibrium fractionations between clays and water under pedogenic conditions. Statistical mechanical methods for calculating isotopic fractionation factors has been described and summary [14] . There have been few published attempts to calculate fractionation factors for clay-water systems. However, the results [8] suggest that this method is useful for obtaining oxygen isotope fractionation factors at low temperatures between minerals and water. Given the lack of accurately determined isotopic fractionation factors for clay minerals, empirical or semiempirical approaches may be used. In one approach, the bond-type method, assume that oxygen in a chemical bond has similar isotopic behavior regardless of the mineral in which the bond is located [5] [15] [16] . These calculations are limited by the accuracy with which fractionations between individual oxygen-containing bonds and water are known, and by the fact that the assumption underlying the method is not strictly accurate. However, comparisons of the results of this technique with the few experimentally determined fractionation factors at surficial temperatures give reasonable agreements. The method has the advantage of permitting an estimate of the effects of variable chemical composition of minerals like smectite on the isotopic behaviour of the minerals.
Empirical methods determine isotopic fractionation factor from the isotopic composition of natural samples. To use this method it must be assumed that the isotopic composition of the formation water is known and that the mineral has been formed in isotopic equilibrium. Another empirical approach that may prove useful in estimating oxygen isotope fractionations of clays formed under surface and near-surface conditions, is the increment method [17] as modified by [18] [19] .
On the other hand, synthesis mineral reaction could be a useful method to study the fractionation factors in equilibrium-desequilibrium isotopic between mineral-water at controlled conditions, because in this case a completely new chemical (mineral) is formed and regardless of the isotopic composition of the water, equilibrium is approached from only one direction. That is, equilibrium E. Caballero, C. Jiménez de Cisneros J. Minerals and Materials Characterization and Engineering may be attained during the reaction (and generally is at temperatures higher than about 550˚C), but it difficult to be proved. [14] says that synthesis is not fruitful line of approach that it would appear to be and results of such experiments, particularly if performed at low temperatures, are viewed with considerable skepticism. The aim of this paper is to study the oxygen fractionation factors in the kaolinite-water system during the experimental synthesis of this mineral at different temperatures. This approach may be interesting because we could know the most accurate estimates of isotopic fractionation factors at low temperatures.
Materials and Methods

Starting Material
Starting materials were prepared according to the procedure described by [20] . Amorphous aluminosilicates (Si/Al atomic ratios 1.84, 1.54, 1.26, 0.99, 0.84 and 0.76) were precipitated by co-hydrolysis of tetraethyl orthosilicate and aluminium tri-isopropoxide (Merck reagents), dried at 60˚C and ground.
Patterns of X-ray powder diffraction (XRD) (Philips PW 1730; graphite monochromed CuKα radiation) show only a very wide band centred at 3. 
Hydrothermal Treatment
The gels (2.5 g) were hydrothermally aged in KOH 0.1 M solution (10 ml 
Characterization of Synthetics Products
The solid precipitated were characterized by surface area, XRD and DTA-TG analyses following the same procedures as those described for the starting material and had been published by [21] . Kaolinite was the only crystalline phase found in the products of the runs and its formation and crystallinity depended on time, temperature, and Si/Al ratio of the starting material. Qualitative chemical analysis and morphological observations was carried out by SEM-EDX and had been published by [22] .
Oxygen isotopic compositions of the solids were determined by the method [23] . After the removel of interlayer water by heating at 200˚C for 8hour under vacuum, the oxygen was extracted from the clay minerals by fluorination. It was then purified and converted to CO 2 using a vacuum line. Isotope analyses of the samples studied show a standard deviation of replicate δ 
Results and Discussion
XRD diagrams realised in the solids shows kaolinite as the only crystalline phase found in the products of the runs, as well as amorphous aluminosilicates that is changing gradually in kaolinite when temperature increase. Products synthesized at higher temperature contain more kaolinite which was more crystalline than in the experiments carried out at lower temperatures [21] . Because the several experiences were carried out in a closed systems the production of kaolinite decrease when the aluminosilicate gels decrease. The amount of kaolinite obtained increase up to a limited constant value and in all cases kaolinite coexists with the amorphous gels. Figure 1 shows DRX pattern for the starting gel together with the samples of kaolinite obtained at different times and temperatures E. Caballero, C. Jiménez de Cisneros from [21] .
Isotopic fractionation values for synthesized samples from the MK10 gel, as well as the isotope exchange (%), the reaction times and temperature, are shown in Table 1 . It is observed that for the same temperature (200˚C), the isotopic fractionation value (α kaolinite ) tends to increase as a function of time, except for the sample synthesized at 24 hours, because the amount of solid synthesized at this time has been so small that the isotopic value obtained, is very similar to that of the starting gel. If we observe the value of starting gel (12.1‰) it is only different with that of the sample in a 0.7‰.
The determination of isotope exchange % was performed according to [14] , for which the value of isotopic fractionation factor for water at the end of each experiment was estimated by mass balance: 1000 ln
The rate of oxygen isotopic exchange in experimental exchange processes is near to zero at temperatures below 300˚C unless chemical or mineralogical changes occur [25] . Clays are extremely resistant to post-formational isotopic exchange at surficial temperatures in the absence of chemical or mineralogical reaction. At higher temperatures (>100˚C) small but measurable amounts of oxygen and hydrogen isotopic exchange between clays and water occur on a laboratory time scale. There is evidence that hydrogen isotopes exchange more rapidly than oxygen isotopes [25] .
During a synthesis process, isotopic fractionation occurs because chemical and mineralogical changes occur, even when the reaction time and the temperature are low. This does not imply that at the end of each experiment the kaolinite solid (gel + kaolinite) is in equilibrium with the solution, although what [14] calls a "True equilibrium" or "quasi-equilibrium" state could be achieved. On give concordant fractionations. Similarly, they showed that cation exchange reactions and synthesis of muscovite from gels also gave concordant results [27] .
In Table 1 it is verified that sample synthesized at 48 hours, shows an isotopic exchange value higher than 75%. The samples synthesized at higher time shows an isotope exchange percentage with an average value of 67.72%. This indicates that the system has not reached equilibrium but the values obtained are high enough to be considered as "quasi-equilibrium" or "true-equilibrium".
The isotope exchange decrease by increasing the time of synthesis, would be in agreement with [14] , that in experiments of experimental isotopic exchange of quartz in aqueous medium at 500˚C observes that the rates of isotopic exchange are relatively high at the beginning of the process, because are controlled by surface exchange, and then become progressively lower with time to be controlled by diffusion processes.
"Rates of isotopic exchange reactions in heterogeneous systems are relatively high at first (surface controlled) and then become progressively lower with time (diffusion controlled)". Table 2 shows the selected samples from MK7 and MK10 starting gels for the study of isotopic fractionation as a function of temperature. The time in all cases has been 720 hours. The oxygen isotopic exchange has been determined and we can observe that at 200˚C the values are close to 100%. The value at 150˚C shows lower isotopic exchange and has therefore been discarded for this study. In Table 2 is also possible to observe how the value of the isotopic fractionation of the synthesized samples decreases with the temperature, according to the established in the principles of isotope geochemistry.
Relationship between Isotope Fractionation and Temperature
Although the values obtained for isotope fractionation show systems outside the isotopic equilibrium, values higher than 60% of isotopic exchange are considered of "quasi-equilibrium". This has led us to try to establish the relationship between the isotopic fractionation and temperature using the values obtained at 720 hours.
The oxygen isotopic fractionation between kaolinite and water (1000 lnα 18 kaolinite-water ) in function of the synthesis temperature for the samples of the two starting gels considered, can be expressed from the equations: Figure 2 . Oxygen isotopic fractionation lines for kaolinite-water system obtained by different methods, together with lines obtained in this study (MK-7 and MK10).
temperature that appear in the literature obtained by different methods. Thus the equations of [5] and [19] are theoretical. The equation obtained by [28] uses the empirical method; and the semi-empirical method has been used by [4] . Experimental method is used by [29] . All these equations are determined on the basis of isotopic equilibrium in the kaolinite-water system. In our system the equilibrium has not been totally reached, so the slope of the line obtained in our It should be noted that the solid obtained is not 100% kaolinite but contains different contents of the starting gel, this may cause the value of the isotopic fractionation obtained to be not the real one but will be influenced by the different chemical composition of the different solids according to [14] [29].
Conclusions
The study of the oxygen isotopic fractionation in kaolinite-water system from the synthesis of this mineral leads us to affirm that for the experimental condi- If the amount of kaolinitic solid had been close to 100% and no starting gel residue remained, the slope of the equations obtained would probably resemble more closely other equations described in the literature. In future works and improving the synthesis system we will obtain Kaolinites in which the isotopic equilibrium is reached and not "True equilibrium" or "quasi-equilibrium".
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